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TESTS OF LARGE AIRFOILS IN THE PROPELLER RESEARCH TUNNEL,
INCLUDING TWO WITH CORRUGATED SURFACES

By Donarp H. Woop

SUMMARY

This report gives the resulis of the tests of seven 2 by 12 foot airfoils (Clark Y, smooth and cor-
rugated, Gottingen 398, N.A. C. A. M-6,and N. A. C. A.84). The tests were made in the Propeller
Research Tunnel of the National Advisory Committee for Aeronautics ai Reynolds Numbers up
to 2,000,000. The Clark Y airfoil was tested with three degrees of surface smoothness.

The effect of small variations of smoothness of an airfoil is shown to be negligible.  Corrugating
the surface causes a flattening of the lift curve at the burble point and an increase in drag at small
Jlying angles.

INTRODUCTION

At the annual conference of the National Advisory Committee for Aeronautics with aircraft
manufacturers held at Langley Field, Va.,in May, 1928, Col. V. E. Clark and others mentioned
the lack of test data on corruguated wings and suggested that tests be made in the Committee’s
Propeller Research Tunnel. Here a comparatively high Reynolds number may be secured
due to the large size of the models that can be used. It also seemed desirable to secure data on
some representative wing sections with a view to the possible comparison with existing data from
other tunnels.

In the Propeller Research Tunmnel with its 20-foot diameter throat, airfoils of 2-foot chord
and 12-footf span may be tested up to velocities of 100 M. P. H. This condition gives a Reynolds
Number of about 2,000,000, which corresponds quite closely with that attained in the Variable
Density Tunnel at 10 atmospheres pressure.

Four airfoils (Clark Y, Géttingen 398, N. A. C. A. M-8, and N. A. C. A. 84) were selected
for the present tests. The Clark Y was tested with three degrees of surface smoothness. In
addition, two corrugated metal covered Clark Y sirfoils, one having Clark Y section at the top
of the corrugations and the other Clark Y section under the metal covering, were tested.

Thus, eight separate tests were made af speeds of approximately 80 and 100 M. P. H. The
average Reynolds Numbers were 1,575,000 and 1,940,000, respectively.

METHODS AND APPARATUS
SUPPORTS

The Propeller Research Tunnel, where this investigation was conducted, has been described
in Reference 1. The regular tunnel equipment was employed so far as possible. Referring
to Figure 1, the airfoil fo be tested is supported on two heavy, braced bars and fitted to pivet
about & point within the airfoil slightly above the chord at the quarter point. A ‘sting”
attached to the center of the airfoil is carried back to a vertical tube to which it is pivoted. A
rack and pinion operated by a crank serves to raise and lower this tube, thereby changing the
angle of attack of the airfoil. These members are bolted to the floating frame of the balance
The lift and drag forces may then be read on the platform scales on the floor below.

To reduce the tare drag of the system all supporting members were surrounded with fairing
attached to the fixed frame of the balance. To reduce interference with the airfoil the fairings
were not carried up to the wing, the last 2 feet of the supports being streamlined instead. The
effectiveness of this arrangement is indicated by the fact that the tare drag was only 3 pounds at
100 M. P. H. at most angles of attack. This was about 50 per cent of the gross minimum drag.
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In measuring this tare drag the set-up was modified so that-the wing was supported in-
dependently of the supports and sting; hence, the drag megsured was that of the supports alone
in the presence of the airfoil. This was accomphshed by supporting the stmg from a tube

connecting the front supports within the wing, but not touching it. The wing was then sup-

ported by wires and pipes arranged at distances from the supports. This arrangement. is shown
in Figure 2. The angle of attack could then'be easily changed by simply moving the wing and
turning the regular crank to bring the sting parallel underneath. Readings on all the balances
were taken at several angles and air velocities so that the proper corrections could be made to
the lift and drag readings. .A small correction to the balance readings wes also necessary, due
to the different distribution of the weight at the several angles of attack.

CONSTRUCTION OF AIRFOILS

Since the airfoils were to be of 12-foot span and 2-foot chord, the standard ordinates of the
airfoil sections in per cent of the chord were reduced to inches on a 2-foot chord. The model

FIGURE 1.—Arrangement for wing tests

maker was given these ordinates to the nearest hundredth of an inch and was asked to work
within ¥ or ¥s inch, Tables I-VI give the standard, specified, and measured ordinates. The
measured values are the average of three measurements at the center span and halfway from
the center to each tip. It will be noted that there are differences of as much as ¥o inch from
the specified ordinates. They occur at the leading edge where the surface is well rounded,
There is a considerably larger deviation for the thick corruguated airfoil which is accounted for
by the difficulty of construction.

The leading and trailing edges were of laminated wood glued and formed to templates. At
about the mid-chord & 3-inch wide beam was placed. These three members were spaced by
solid ribs at 12-inch intervals along the span. The space between leading and trailing edges
on the top and bottom surfaces was originally covered with ¥e-inch 3-ply plywood. After the
first airfoil was completed examination showed considerable bowing and buckling of this thin
covering. It was decided, however, before discarding this construction, to make a test, thereby
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determining the effect of these small variations of surface contour. The plywood was then
removed and }s-inch sheet aluminum substituted and a’test made. The whole airfoil was then
painted with two coats of brushing lacquer, sanding between coats. This gave & uniform smooth
surface, although not as smooth as the bright sheet metal. All screw holes and cracks were
filled with litharge and glycerin before painting. In Figure 3 are views of some of the airfoils.

The corrugated airfoils, one of which is illustrated at the bottom of Figure 3, were constructed
in the same manner as the plywood airfoil, the corrugated metal covering being screwed fo its
surface. The metal sheet was of ¥.-inch thick aluminum with the corrugations rolled on a
grooved wood form. The dimensions of these corrugations (fig. 4) were found by sealing down
the average of several standard wings. Since it is impractical to run the corrugations com-
pletely around the leading edge, the sheet was left flat there, the corrugations starting a slight
distance back on the top and bottom surfaces. In order to bring the corrugations into a scal-
loped edge at the rear, they were displaced one-half pitch on the top and bottom surfaces. This
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FI1GTRE 2.—Arrangement for tare drag test

and the leading edge construction necessitated slight departures from the basic Clark Y section.
These are indicated in Figure 4.

TESTS

After mounting the airfoil a cover plate was screwed over the pivot-fitting opening, leaving
only enough gap to allow the support to clear as the angle of attack was changed. Angles of
attack indicated by a pointer on the moving rear support were checked against an inclinometer
held on top of the sting just behind the airfoil.

Each test was run at tunnel air speeds of approximately 80 and 100 M. P. H. Air speeds
were computed from the readings of & manometer connected to plates set in the walls of the
tunnel passages calibrated against Pitot tubes suspended in the air stream at the position of the
airfoil. Two readings were taken of front lift, rear lift, drag, and manometer at each angle of
attack at each speed, one when the angles were successively increased from —9° to +35°, and
the second when decreased from +35° to —9°. 'This was done simply to secure two independent
readings at each setting.
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RESULTS .

The results are_given in the form of tables and curves of the absolute nondlmensmna.l
coefficients €y, Cp, Cu, Cp. From the observed readings these coefﬁcmnts are computed in
the usuel manner from the equations . _ =

Co -8 - g= Dynamlc pressure

Co =D__gra : - 8= A.rea of au'foﬂ
_Momentg, ¢ =Chord of sirfoil.

FIouUrE 3.—Alrfolls

The results have been corrected for boundary interference in accordance with the method
given in References 2 and 3. For the open jet the interference amounts to an added downwash
or an increase in the induced drag and induced angle of attack. The corrected test points as
plotted, therefore, correspond to lower drag values and lower angles of attack than were meas-

ured. Since the airfoils were rectangular, the corrected results apply to rectangular wings rather
than to elliptical.
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The results are given in the form of curyes (figs. 5-12) of C, Op, L/D, and 0, against angle
of attack, and apply directly to rectangular wings of aspect ratio 6 in free air. Numerical values o
are given in Tables VII-XTV. T

In view of the established rules for aspect ratio correction, another type of disgram has
come into quite extensive use, especially in England. In this diagram, Figures 13-18, profile
drag Cpe Ouy, end angle of attack o, for infinite aspect ratio are plotted against lift coefficient.
By simply adding the induced drag and induced angle of attack corresponding to any given
aspect ratio to the values from the curves, the coefficients for that aspect ratio-may be deter-
mined, thus eliminating the double computation required when converting from aspect ratio
8 to another aspect ratio. Only one curve is given for the Clark Y airfoils, that for the metal
covered and painted, as this is comparable with the other airfoils of the series and there were
negligible differences in the results for the several surfaces. For handy use the numerical
velues taken from the faired curves are given in Tables XV-XX. The induced drag for the -—=
loading corresponding to the particular wing shape should, of course, be used in deriving the h )
coefficients for any finite aspect ratio. : .

Some of the characteristics of the airfoils
are quite closely related, and, accordingly, the
results for the Clark Y with various surfaces
have been replotted in Figure 19. A set of
points from a test in the old Variable Density
Tunnel corrected for tunnel wall interference

TESTS OF LARGH AIRFOILS IN THE PROPELLER RESEARCH TUNNEL

has been added for comparison. To compare
the two corrugated wings with the smooth
wing, Figure 20 is given. To aid in the selec-
tion of an airfoil for any given speed range,

—\
Stondord Clark-Y ardinofes, also fop of corrugafed .
mertal on thin airfoffl ‘B and betforn of corrugated Ll
mefdl on thick crfod 4° .

48~ Pitch 196 o4 Thi s

¢
Figures 21 and 22 give OLD" against \/ Ofé’m.x.
. L

max

Section of covering double scafe
=4

or the speed ratio.
DISCUSSION

The reason for testing at two speeds was
to determine the presence of scale effect. The ' _
differences were so slight that only one curve has been drawn through the points. The scattering
of the points is, therefore, more an indication of the precision of the tests. The small forces at
low angles of attack limit the precision of the minimum drag coefficient to +10 per cent.

On examination of the curves a few striking points will be noted. Some of the curves show
breaks at the high angles (25° to 30°). It was noted during the tests that these breaks occurred
at & higher angle when the angle of attack was being increased than when it was being decreased.
The angles were not changed rapidly so the phenomena can not be charged to oscillation of the
girfoil. There is probably some effect at these high angles, producing a condition which makes
the flow tend to continue in a given way even though the new angle of attack dictates a change.
These portions of the curves are mainly useful in discussion of rotary instability.

The N. A. C. A. M—6 shows consistently higher maximum lift at 100 M. P. H. than at 80.
Experiments in the Variable Density Tunnel have shown that there is a variation of lift with
Reynolds Number which may be quite rapid at certain values. It may be that for this airfoil
the lift does increase rapidly at these Reynolds Numbers. The small center of pressure move- R
ment confirms other tests on this airfoil.

The effect of the different surfaces on the characteristics of the Clark Y airfoil is shown in
Figure 19. Apparently ressonably small deviations from the true smooth surface have slight
effect on the serodynamic characteristics of this airfoil. While the range of surface smoothness
was not large, the unpainted plywood was certainly rougher than the doped fabric of a wing
as used on airplanes.

F1aURE 4—Corrugated airfofls, Clark Y, basic section
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Examination of the corrugated Clark Y airfoil in comparison with the smooth Clark Y
(fig. 20) reveals a marked flattening of the lift curve for the corrugated sections at the burble
point and & lower negative slope beyond the burble. Throughout the normal flying range the
slope of the lift curve is unaffected. At any given angle the corrugated surface airfoil shows a
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FIiGURE 22—Comparlson curves. Profille drag for constant gross load and

speed. Different alrfofls

slightly higher lift with considerably greater drag so that the Lift/Drag ratio is inferior to that
of a smooth sairfoil, although only slightly so at 6° and above.

A general flattening of the lift curve is to be noted for sll of the airfoils near the burble in
contrast to the sharp breaks often found from low-scale tests.
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The variable density tunnel test points (fig. 19) indicate a slightly greater slope and a higher
maximum lift. The minimum drag is also higher. A comparison with atmospheric tunnel
tests on the same airfoil indicates the same scale effect as that predicted by the tests in the
variable density tunnel. The agreement is quite in line with what would be expected in different
tunnels.

Figures 21 and 22 have been prepared to place the selection or comparison on & common
basis. It may be said, in general, that the best airfoil at any given speed is the one which has
the lowest profile drag. The actual total drag will be greater by the amount of the induced
drag which depends on the effective aspect ratio. It i 1& desirable also to have & high maximum_

Obmnx iy
GL V‘! weé secure a

convenient d1agram for compa.nng the sections on the basm of total profile drag for constant gross

load and stalling speed. Since 0

lift to reduce the re-qmred wing area. By plotﬁmg( o

=<%)' the flying condition corresponding to any given

speed ratio is indicated on the curves. The values of speed ratio for these conditions are taken
from Reference 4. For general use the Clark Y appears the best, while the N. A. C. A. M-8 has
the advantage at very high speeds; furthermore, the small center of pressure travel of the M—6
is also of value. The corrugated sections are inferior under all conditions. Too much depend-
ence should not be placed on these diagrams, however, because the particular apphcatmn may
alter the relative position. Tests of a complete model should be the final criterion. Lacking
other data, however, the comparison on this basis will be quite useful.

CONCLUSION

In the present tests Reynolds Numbers of 2,000,000 were attained by using large models.
This is about 60 per cent of normal full scale.

1. The effect of small variations in the surface of an airfoil on the aerodynamic characteristics
is shown to be negligible.

2. Corrugating the surface of an airfoil flattens out the lift curve at the burble point with a
small increase of lift; but causes a reduction in effectiveness (L/D) throughout the normal flying
range due to the increase of drag. Pressure distribution tests would probably indicate the
nature of the holding off of the drop of the lift curve at the burble.

8. A general flattening of the lift curve at the burble is noted for all the airfoils tested rather
than the sudden break found in low-scale tests,

4. The results appear to be in good agreement with those from other tests at the same
Reynolds Numbers.

LANGLEY MEMORIAL AERONAUTICAL LABORATORY, =
NarioNAL ApvisorRY COMMITTEE FOR AERONAUTICS,
LaneLEY Fiewp, Va., May 24, 1929.
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TABLE I T
Ordinates of Clark Y airfoil metal covered and painted
2-FOOT CHORD, 12FOOT SPAN

Upper surface Lower surface . L : —
Distance . LT
from lead- Bpecified | Measured Specifiod | Measured T T
mlng edge | Standard ordinate | ordinate ! Standard ordinate | ordinats .
ofihond | ergnt”) S0t | (R0t [Tly”| Im2lut | kbt -
{oTy o1 =
ofchord | “ynohes | inches | °f°N%d | Cinghes | inohes _
0 2.5 0.84 3.5 0.84 '"-—'
L25 5.45 181 187, 1% .46 0.52
2.5 6.50 15 162 i 147 .85 .87 N _
5 7.90 1.90 104 .03 -22 .3 I
7.5 8.85 212 2.16 .68 T 15 _
10 9.60 2.30 2,38 .43 .10 .10 =
15 10.60 287 2.58 .15 .04 . L
20 11.35 2.73 a7 . .01 - - -
20 170 2.81 2,80 00 .00 . .
40 1140 274 27 00 00 .00 .
50 10.52 2.5 2.50 ) .00 .
60 9.15 2.20 2.16 .00 00 .01 et
70 7.35 1.76 17 00 .00 —.0L AN
0 5.22 125 13 . . .00 =
90 2.80 .67 .65 -00 .00 -0 . e T
9 1.49 .36 33 -00 .01 i,
100 12 .03 i -0 .00 .01 s
TABLE IT . -
Ordinates of Clark Y airfoil corrugated metal
Crarx Y, CORRUGATED, A .
2FOOT CHORD, 13 FOOT S8PAN
Upper eurface ’ Lower surface

Dlst?neacg Top of corrugations | Bottom of corrugations| Top of corrugations | Bottom of corrugations

ing edge - )
In per cent | gpecified | Measured | Specified | Measured | Specified ' Measured | Specified | Measured
Opgrhm'd ordinats | ordinate I' ordinate | ordinate | ordinate ! ordinate ! ordinate ' ordinate . oo
for 2-foot | for 2-foot | for 2foot | for 2-foot | for 2-foot | for 2-foot | for 2-foot ! for 2-foot -
chord in chord in chordin | chordin chord in ; chord In chord in chord in P
inches inches Inches Inches Inches inches inches inches . :
[ [P T R, ; 08 | 0.84 0.84 . o e
1.26 1.58 15 . 1. 47 1.581 .49 0.57 .87 0.68 . P
2.5 .18 184, . 171 174 .88 .40 .48 .40 . =
5 216 2.18 204 208 .2 .25 .8 U LT
7.5 2.39 2.41 : 2% 232 14 .18 .28 27 .
10 2.57 i : 2.45 25 .09 .13 21 .23 -
15 2.82 2.85 271 274 .03 07 .14 .18 .
20 298 301 2.87 2.92 .01 04 .11 .14 - -
30 ‘'8.07 3.11 296 3.01 . .05 11 .14 o
40 3 00 5.02 | 289 2.92 . .04 LI .13 .
5 2.78 2.8 H 287 173 .00 0 W11 .10 -
60 2.46 2.49 : 235 240 .00 .00 .11 .10 .
70 2.02 206 [ 191 L 96 .00 .00 .11 .
20 1.51 1.53 l 140 143 .00 02 .11 .11 3
%0 .90 .92 I .79 .83 .00 i3 I .14 . -
05 .54 .59 H .43 .40 .00 .07 11 .18 ) :
100 .18 .2 I, .04 .20 .00 .11 11 .20




774: - REPORT NATIONAL ADVISORY COMMITTEE FOR ABRONAUTICS
TABLE IIT - UL _ .
Ordinates of Clark Y airfoil corrugated metal

Crark Y, CORRUGATED, B
2-FOOT CHORD, 12-FOOT SPAN

. Upper surface Lower surface
Distalslacg Top of corrugations | Bottam of corrugations| Top of corrugations | Bottom of corrugations
ing edge " - N -
in per cent | Specified | Measured | Specified | Measured | Specified | Measured | Specified | Measured
of chord | ordinate | ordinate | ordinate | ordinate | ordinate | ordinate | ordinate | ordinate
for 2-foot ﬁg 2-foot | for 2-foot | for 2-foot | for 2-foot ; for 2-foot | for 2-foot | for 2-foot
chord in ord In | chordin | chordin | chordin | chordin | chordin | chordin
inches inches inches inches inches inches Inches inches
. . i_ N . )
— . -
0 0.84 - 0.84 fba 84
- 1.26 L31 L8 122 132 " w46 0.50 R 0.57
2.50 15 Leg_ L48 1.54 = .30 48 .48
3 1.90 1.9 L76 183 e B .85 .88
7.6 212 2.1 1.99 2.07 e .2l . .2
10 2.30 2 . al 23,24 .10 W18 22 .24
16 2.57 2. 8,48 249 04 00 .16 .18
20 2.78 2.7 2.80 2.66 .01 .05 .13 14
30 2.81 2.8% . 2,68 2,76 - .03 W11 .
40 2,74 2.7 2,63 2,66 i .03 il .18
50 2.82 2, 2.41 2.48 -.00 .08 11 .18
60 2.20° 2.2% 2.09 215 .00 L. 04 .11 14
70 1.76 L8 1.85 178 .00 .05 1 .15 .
80 1.26 1.% L14 L22 .00 .08 Al .16 .
¢ . .67 88 .87 .00 07 A1 .17 =
o5 .38 TAT .35 .87 .00 .08 A1 .17
100 .13 22 .02 .12 ;'00 .08 A1 .13
— S s e mmn—e
TABLE IV

Ordinates of Géttingen 398 airfoil, metal covered and painted
2FOOT OHORD, 12-FOOT SPAN

Uﬁper surface Lower surface
Do lead ' - - ares
PR | s | St | ot | ey | Sptind | S
tn per cent | ordinate in y ordinate in
ofenord | percent | ‘E2E0L | (X0 | Tper cant | (X 2000 | (o SO0
0T chory {1)4
of chord inches inches of chord inches inches
0 3.74 0.90 B 0.0
1.3 8.19 149 LR 180 4B .48
. a5 7.40 L78 18 138 .81 4
Ps | i | 3B | IR e o6 g
10 11.25 270 2.71 o7 08 08
15 12.54 3,00 %03 0 Lol e
2 18.34 320 3.1 00 00 00
30 1877 3.50 3.30 .05 -0l .0
8 | R RLiE ) E | &) B
5 ) i . .
mo |l ) B4 2@ B @ ] W
80 8.08 148 1.45 27 .06 .06
8| Bz % E| @
100 0.43 110 09 00 00 100

1
|
i
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TABLE V

Ordinates of N. A. C. A. M6 airfoil, metal covered and painfed
2-FOOT CHORD, 12-FOOT 8PAN

Upper surface Lower surface
frorsens ' )
m -
Specified | Measared Specified | Measared
iing edcggt osg.ﬁadg?n ordinate | cordinate mgn ordinats | ordinate
ofchord | paroens | KER0OL | lr oot | “neroant | fdoot | forzloot T
0r 0L Or ST
ofchord | “ipones | inches | °fCROTd | Tjghes | fnches , A
0 0 a -
L25 Lor .47 0.53 ~L76 —.42 —0.38
2.5 - 281 .67 .72 -2.20 — 53 —. 51 e
5.0 4.03 97 L00 -273 - -
7.5 4,94 L18 Lz -3.03 — T3 —.74
10 871 1.87 L41 —3.24 - - I
15 8.82 164 1.856 —8.47 | —8 — -
20 7.55 L8l 181 —-3.62 —.87 - T
30 8.22 1.97 L 98 —3.7 —. 01 - -—
40 8.05 1.03 L8O —3.90 -4 —.95 —
5 7.28 1.74 170 —~8.04 —.05 —.95 ik
80 6.03 1.45 143 —-3.82 - —.91 T .
70 4.58 L10 L11 —38.48 - —.82
&0 3.08 ] .76 —2.83 - -—. 85
90 1.55 .37 .42 ~1.77 - —-.33
95 .83 2 . —L03 - -_
100 .28 .08 .09 —.28 [ - -.01
TABLE VI

Ordinates of N. A. C. A. 84 airfoil, metal covered and painted
2-FOOT CHORD, 122FOOT SPAN

Upper surface || Lower surface R
Distance . - o —
og odgo. | Standara | Specified Messurod | gy g | Soecttod | Mossunea | e
in cent | ordinate in| otdinste | ordinate !ordinate in| ordinate | crdinata et
ol chord | “parcent | for oot | for oot T oM B for oot | for Moot _ T
Sfchorg | chordin | ehordIn | DETCSRS | chordin | chord in . VT —
Inches inches i inches inches . =
i
0 2.50 I B " 0.60
. 125 4.85 116 122 - .85 .28 0.28
2.5 6.05 145 149 - 41 .10 14
5 7.78 187 o1 ¢ 1o . .05
7.5 0.03 217 219 [ .02 .0l .03
10 10.0 2.40 2.42 .00 .00 0L
15 L5 .76 278 | .00 .00 .01
2 2.7 3.06 3.06 .00 .00 .01
30 14.0 2.36 3.35 .00 .00 .01
40 7411 3.38 3.87 .00 .00 .
50 13. 50 32 iz | .o .00 .01
60 12.31 2,905 202 ! o0 .00 0L
70 10.32 2.47 244 .00 .00 .01
80 7.7 1.85 18 .00 .00 . -
90 4% 1.06 108 ¢ .00 .00 .03 .
95 2.41 .58 .61 .00 .00 . :
100 .30 -7 il -0 -00 .06
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TABLE VII TABLE IX
Crark Y, Prywoop Coverep CrLarx Y, MurarL CovERED AND PAINTED
Span, 12 feet. Chord, 2 feet. Area, 24 square feet. Span, 12 feet. Chord, 2 feet. Area, 24 sguare feet,
Reynolds No. 1,940,000 Reynolds No. 1,940,000 R e
ASPECT RATIO ¢, FREE AIR ABPECT RATIO 6, FREE AIR =
: - _ . _ =
a CL Cp. /D C, Cruept a CL Cp LiD Cr Cute - C#
° N * o . . - 5
—~9 | —0.245 uogg; 0.046 | —0.050 -9 | —0.258 0.0100 —0.068 | -—0.081 x
-8 | —.18¢ | .0 —.027 [ —.08 ~8 [ -390 | L0125 —179 | -—.082 ¥
—6 | —.080 | .0003 —.616 | —.052 -6 [  —.08 0003 —1004 | ~.08 :
-4 L070 | L0000 7.78 | —101 —. 088 —1 078 | .0089 844 1818 | —080
-2 L2090 | .01l | 1883 504 | —088 ~2 L2144 | Lon3 | 1805 814 | —.078
0 850 | .0180 | 292 398 | —.082 0 .366 | .0182 | "2L.00 461 | —.075
2 498 | .0287 | 20.80 .263 1 =081 2 J501 | L0262 | 20069 B | -0
4 (687 | 0348 | 18.30 328 | —080 4 648 | 033 | 182 257 | ~—.000
8 8L | L0485 | 1810 813 | —.040 é 783 | L0492 | 1500 .88 | —.088
8 2017 | 082 | 1428 308 | —.o0d8 8 (020 | (0855 | 14.03 218 | - :
10 1.041 .| .0818°| 12.78 2202 | .04 1) .05 | .08 | 1269 200 | -
12 Lis | “l10m | 121 981 | —.038 12 Lus [ .06 | 1Lé 3|~
4 1218 | L1208 9,39 w2 | —031 I L268 | .1266 | 10.0 (g8 | —.048
18 a4 | 11600, 7.19 [V 376 | —.032 18] 120 | .18 7.60 200 - .
18 1181 ) .21 5.48 81 | —038 | g 1221 | .2101 5.81 297 | —.088 .
20 1.078 | 288 | 417 291 |- —l0dd 118 | .25 4,43 811 | — 060
22 1006 | .B072 3% 303 | —ios3 -2 1061 | .308 351 .828 | —.081 -
2% L9687 || 8690 .68 817 [, —.064 2% o078 | .358 2.78 A3 [ -
2 L9051 | L4115 2.81 330 |° —o78 26 L0009 | .42 215 858 | —.008
28 967 4630, 2.09 840 | —,087 g 817 | 467 188 J388 | —.102 -
30 059 | (60907 | 188 |  .348 —.039 ' 860 | 506 170 887 | —.10L
33 800 [ .5&0 1.62 884 |~ 0% 2 843 [ (B0 1.56 363 [ ~—.095
. : . o 7Y 828 | 578 144 . - - -
& 82 | (90 | - 139 L3401 —. 078 ;
TABLE VIO R
oL Y M C U TABLE X
ARK £TAL CovERED, UNPAINTED .
! ! Crarr Y, CoRRUGATED METAL, A
Span 12 fest. Lhord, 2 ok od0 00 " 50080 e8h | gpan, 12 feet. Chord, 2 foet. Area, 24 square feet.
Y Reynolds No. 1,940,000 . B
a L -. “Co LD c Ciust I i | oo ¢ LD e, Cuon . - B
— : - - . - oy e
e . . v T r N - e .
~§ | =0.284 | 0.0180 —0.016 | —0.070 —0. | —0.240 | 00100 —0.05¢ | —0,074 i
-8l —o204 | LO0H —.088 | —.069 --§ . —188 0159 -y —. 074
—6 | o3 | 0033 —~ 881 | = +6 | —.087 | .0124 : —. 078
—4 088 | . ot% 7.18 L8l | - —4 062 [ .0120 5.17 1.41 —.072
-2 .207 | .01 18.38 B84 | —.085 -3 Jo7 |oJo142 | 18,89 605 | —.070
0 .35 | .0(82 |- 280 B4 | =085 0 38 | o8 | 17.88 46t | -, :
2 496 [ . 20,40 877 | —.084 2 g0 | loz4 | .81 .386 | — )
4 832 | a1 | 1800 860 | —.083 2 820 | .0876 | . 1658 85 | - : .
8 e 1. 1502 827 | —.0% '8 761 | - C0d08 15.5 .82 | —.068 e
8 202 [ .08l | 121 .303 | —.048 8 L5898 3‘3428 18, (308 | —.082 "
10 1035 | .0801 | 1290 284 | = 085 16 Loz | . 12,49 .903 —'833
12 L1 | .1 11.62 Jzte | =l028 it L1438 | 1024 | 1L38 (78 | - I
1 1220 | .1%8 9,68 J776 | —.082 1 L3 | 1281 0.7 | .28 | —.02
18 L21l | .1688 7.20 981 | —.038 18 L250 | .1810 7.78 | -0
18 LIt | .2138 5.45 M1 | -8 I Lo [ L2010 62 (W8 | —.0d7
20 Lo0 ;.35 415 .36 [ —.080 2 1230 | .2645 | 485 200 | —. 060
22 1003 | ‘sg4 3.30 832 | —.072 2 Lar | .50 | . &80 80 | -
24 018 | L885 2.75 882 1 —.0%0 24 1103 | .37%0 3.10 &3 | -
20 084 2“ 2,84 838 | — 085 % L3 ] L 400 2,58 L339 -.?90
28 (062 | .44 2.03 L340 | —.088 .06 | .4630 215 286 | —.1os
30 98 | R 1.82 843 | —.088 30 L3¢ | L5030 1.88 368 | ~-.118
33 - B89 | [543 i.63 JB5 | — 08¢ 82 0900 { .539 167 874 | =112
34 845 .g;g_ 147 389 | —.075 34 870 | LBT1 154 a5 | —-110
35 825 | .68 140 8% | —.068 25, 871 | ImeR 160 &3 | —.106
. 3 :
- - . I put i
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TABLE XI
Crarx Y, CorrucaTED METAL, B

Span, 12 feet. Chord, 2 feet. Area, 24 square feet.
Reynolds No. 1,940,000

ASPECT RATIO 6. FREE AIR

TABLE XIII
N. A. C. A. M-8, MeTaL COVERED AND PAINTED

Span, 12 feet. Chord, 2 feet. Area, 24 square feet.
Reynolds No. 1,940,000

ASPECT RATIQ 6. FREE AIR

a Ct Cp LD Cy Cueh I3 Cr Cp LD Cy Cxteli
o o

-9 | —o.261 | o028 —0.001 | —0065 -0 | —0540 | 0.0330 02 | aom
-8 | —l190 | eiso — 06 | —065 ¢ —8 | —471 | e T ass .00
-6 | —o8 | o [ZTTTT toa | — I -6 | —ar -lis2 .23 T
—4i J070 | loww 8.54 L1790 | — 066 to—4 | —o0z | ! 15 2005
—2 .212 | (o134 | 158 | sl | — 066 Y2 | —osr [ oo 340 - 006
0 354 | 018 | 10,08 434 | —0es I 0 cm8 | lomo % 874 lo7
2 495 ¢ To%e | =3 R | 2 208 | too4 | gzLeo ~208 -0
4 . cmrg | 187 s | - 1 -mg | o2 | 2mm0 lz:0 “010
8 78 | sl | 1513 3w | —loa1 6 i | le | ;s Sazs So12
8 910 | log3 | 152 312 | -los 8y .68 [ (0336 , 1340 228 -015
10 L coegs | 1218 | a7 [ — 19 1ss | o lodrs | oimee -a%6 -o18
12 1166 | .1080 | 1L00 c;|g | - 12 .88 | loe ; 1300 Ja1 L0®
1 L7 | l12 | 066 71 [ 7 rexs ! e ! 1za Ja Zo28
18 123 | 1635 7.73 ags | = is rus [ [10s2 ; 108 J28 loe
18 L2% | 2000 00 YR 18 [ Yo | ‘ua ! ze ;s -oig
20 L247 | 2883 L65 3w | - b LB | (112 5350 L350 2000
23 L215 | 3326 365 838 | — 22 005 | o2 3.50 taal | —
2 s | . 3.02 34 [ = 2 o8 | aig 302 “%0 | — Q19
28 L0sS | 4302 2 52 350 | —1w 2% oL | lael 219 ‘ae | —oz2
28 Low7 | 4135 215 3w | = % im0 | las 100 Zm | =
30 960 | 5140 L& -385 | —1i0 36 N T B I B
32 o10 | Iseis 165 3 — 0 33 i | 4 155 ‘3 | —o10
3¢ 871 | 5838 Ldg 3 | — 108 34 .37 | LEs L42 2253 | —002
35 868 | - Lis : — 107 as. 1% T L3g lan Z004

TABLE XII TABLE XIV

GBrringaN 398, Merar COVERED AND PAINTED

Span, 12 feet. Chord, 2 feet. Area, 24 square feet.
Reynolds No. 1,840,000

ABPECT RATIO 6, FREE AIR

N. A. C. A. 84, M=rar CoverEp AND PaINTED

Bpan, 12 feet. Chord, 2 feet. Area, 24 square feet.
Reynolds No. 1,940,000

ASPECT RATIO 6, FREE AIR

a CL Co D Cy Caxeli
o .

-9 -0, 186 0. 0150 —Q. 261 —0.095

-3 | -1 | .03 s =436 | —oss

—& —. 003 .0103 -3L15 —. 094

—4 181 .0113 11. 60 . 960 —.093

—2 L272 . 0151 18.0L .681 —. 090
0 422 . 0219 18.27 . 458 —. 088
2 58 | L0314 | 1240 el =
4 T8 . 0435 18.72 . 383 —. 082
6 .871 . 0582 14. 97 .340 - 78
8 L 005 . 0755 13.31 .318 -

10 L1127 0944 1.902 .30L —. 057
12 L234 .1153 10.69 . 205 — 055
14 1.325 . 1400 0.47 . 203 — 057
16 L 847 1725 7.82 . 296 —

18 L3228 . 2119 6.25 .302 —. 069

20 1281 L2481 5168 .310 - OF

2 1233 . 2360 432 .320 -—. 088
24 1190 . 8270 3.64 .381 -—. 098

2 L 149 .870 3.10 .342 -. 105

b3 1100 419 2.62 . A58 -

30 1088 .469 231 . 364 - 118

82 .978 .520 1.88 . 376 -

M .928 570 183 .385 -

35 . 909 . 508 L53 . -

104397—80—50

)
i @ Ce Cp LiD Cy Cutelt
[
3
—9 | —0.135 | 0.0140 —0675 | —0.125
-8 —. 070 . 0126 —L54 —. 126
- 034 . 0118 4.55 2.59 —.126
— L1857 L0181 | .14.29 .908 ~. 123
-3 .34 . 0172 18.83 .614 —. 118
0 461 .0242 19.05 .493 —. 112
2 B8 . 0339 17.83 426 —. 105
4 T L0448 16. 18 .384 -
! 8 849 . 057 1479 .855 —. 089
8 . 968 L0719 1347 .383 —. 080
I 10 1080 . 0896 12.06 317 -0
12 1186 JLig2 10.75 .303 —. 063
s L278 L1341 9.53 .293 —. 055
18 1.328 . 1610 8.23 .28 —.051
18 1333 L1828 6.92 L2883 —.030
20 L8328 . 2205 570 .292 . 055
23 L291 . 2808 479 . 300 -
2% 1233 .3126 3.05 .812 —.07
% 1161 .3610 8.2 .32 —. 067
2 Lo79 L4159 250 .336 —. 003
30 1000 472 212 L340 | — 000
32 .943 . 530 L78 360 —.10¢
| 3¢ 917 57 15 . 869 —.109
! a5 915 . 154 871 — 11
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TABLE XV
Crark Y, MeTaL CovERED AND ParNTmD

Infinite aspect ratio characteristics. Computed from
A. R.=86 tests rectangular loading :

Infinite aspect ratio characteristics.

TABLE XVII _
Crarx Y, CogrugiTED METAL, B

Compuled from
. R.=6 tests rectangular loading

Cpy=0.0562 C1?
aj=3.504 CL
PLOTTED A8 FIGURE 15

Cpym=Q, 0568 Cr? '
=3, 601 CL
PLOTTED AS FIGURE 18
Cr Cbe a, Catelt
. ’ . 0.
—0.061 0. 0001 ~578 |. —0.082
. 076 . 0088 —4. 97 ~. (80
L2l . 0087 -2.77 —.078
.366 . 0081 —1.28 —.075
. 501 . 0101 .0 —.072
.643 .01 169 —. 089
788 L0146 316 —. 066
.920 . 0179 4,60 -, 083
1.060 . 0307 6.22 —. 053
1175 . 0249 .71 —. 046
1. 268 . 0361 9.44 —~.048°
TABLE XVI
Crarx Y, CorrUGATED METAL, A, CrarRk Y, INsiDE
oF MBTAL

Infinite aspect ratio characteristics.

Computed from

A. R.=0 tests rectangular loading

Cpym0, 0584 Crt
ay=8,612 Cp,
PLOTTED A8 FIGURE 14

2 Cpe - e " Copt

. i R
=0. 067 0. 0121 -5.76 —0.073
. 062 .0118 —4.22 —. 072
197 L0120 -271 —. 070
.38 . 0131 ~1.22 —. 069
480 <0144 LA -, 066
620 L0158 - L76 -, 062
761 . 0171 8.28 —. 068
. 806 . 0190 478 —, 052
1024 . 02N 6.30 —. 044
L1148 . 0284 7.87 -, 032
1,283 . 0405 956 —. 032
1.250 . 0729 11.49 —. 030

Ce Cbe as Caai ) :
o
~0.088 | 0.0115 —576 | —0.065
. 070 .01 —4, 25 —~. 085
212 L0100 ~2.76 —. 066
L0116 -127 —. 085
495 . 0133 .23 | —.085
636 . 015 172 | —084
778 L0174 .20 —. 081
010 . 0208 4.78 —. 056
1040 L0246 6.2 | —.040
1166 . 0205 7.81 —. 048
1257 L0414 0.40 — 043
1268 .bras 1L48 | — 044
TABLE XVIII
GorrivegeN 398, MuraL CovERED AND PAINTED

Infinite aspeet ratio oharacteristics. Computed from
A. R.=8 tests rectangular, loading

Cpy=0.0569 Crt
=3, 576 CL
PLOTTED AS FIGURE 18

Cr Cpe e [o;%4]]
N L] .

—0.003 0. 0108 —5.99 ~0..094
181 . 0103 —4,47 —. 093
272 . 0110 -2 97 —. 090
.422 . -151 —. 088
518 |Y . —. 06 -—. 086
728 . 0139 L 40 —. 082
.81 +0158 283 | —.078
1, 005 L0191 4,41 ~. 068
L 127 . 0235 5.08 —. 057
1234 . 0302 7.59 —. 068
1.82 . 0419 9. 26 —. 057
1 347 0718 1119 -—. 082
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TABLE XIX
N. A. C. A. M-6, MeTAL COoVERED AND PAINTED

Infinite aspect ralio characferistics. Computed from
A. R.=6 tests rectangular loading

Cos=0.0564 Ci?
a;=3.605 Cz,
PLOTTED AS PIGURE 17
[#/3 Cbe e ’ Cues
[ ]

—0.067 | 0.0076 | —L76 0. 006
.082 . 0087 .2 007 |
203 -0071 1% i

| lass - 0078 281 T
cazs | oom i3 o2
Se18 ~0120 5.83 L035
785 Sots3 7.35 -018
-893 -ois8 .86 % |
103 -0283 10,40 08 !

| L -0382 1209 o

TABLE XX
N. A. C. A. 84, MeTAL COVERED AND PAINTED

Infinite aspect ratio characteristics. Computed from
A. R.=6 tests rectangular loading

Cpy=0. 0566 Cr3
;==3. 600 CL
PLOTTED AS FIGURE 18
Cr . Che @ Caejt
-
=0, 070 0.0123 ~7.75 ~0. 126
. 050 .0114 —6.18 - 126
cier | otern | —4e7 2123
- 324 0112 —3.17 -, 118
.481 0122 —L 66 - 113
. 598 . 0137 —. 16 —. 106
T4 . 0152 L40 -. 087
849 . 0188 2.04 —. (089
. 068 .0188 4.52 -
L1080 . 0238 6.11 -, 072
1188 . 0307 7.78 — 063
L1278 . 0417 Q. 40 -
Laz | .08 | 1n23 | ~
1,333 P 0020 13.20 —. 050




